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Abstract: The results of a series of molecular dynamics simulations of monolayer films

formed by tethered, long chain molecules (octadecanthiol) are discussed. The emphasis is

on the structure of the chains. The density profiles, the distribution of gauche defects along

the chains, and two orientation measures are described. Where possible, the connections

with experimental probes of such films are mentioned.

1. Introduction

The characterization of the “surface” presented by a monolayer of long chain molecules

tethered to a substrate is of interest in several areas of science. Here we discuss the results

of a molecular dynamics simulation based examination of monolayers consisting of linear

chains containing 19 nodes/sites. The particular configurations examined were selected to

satisfy two rather different interests. The first interest is in the characterization of the

“surface” presented by the monolayer formed by the untethered ends of the chains. Here,

the chain molecules are closely packed on the substrate and are relatively free to translate

along the substrate. The second interest is the role the monolayer plays in Reversed Phase

Liquid Chromatography (RPLC). For this application, the chains are not closely packed

and are rigidly tethered to specific locations on the substrate. In a future publication

we will present a detailed molecular dynamics analysis of the behavior of shorter chains

tethered to a surface.

Octadecanthiol monolayers on gold surfaces are one of the most studied examples of sur-

face tethered chains. A variety of techniques including ellipsometry, electrochemistry,

infrared spectroscopy, grazing incidence X- ray diffraction, scanning tunneling microscopy,

and molecular dynamics simulations have been utilized to characterize the structure of oc-

tadecanethiol monolayers on Au(lll) surfaces. Ellipsometry reveals that octadecanethiol

monolayers are 2.3 nm thick. [1, 2] Electrochemistry reveals that octadecanethiol monolay-

ers have an apparent fraction of the electrode surface of less than 6xl0~ 6 which is deficient

in the current blocking monolayer.fi, 3] Electron diffraction reveals that octadecanethiol

* Contribution of the National Institute of Standards and Technology, not subject to copyright.
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monolayers adopt a c(4x2) superlattice of a \/3 x y/3R30° hexagonal lattice. [4, 3, 5, 6]

The infrared reflection spectrum of an octadecanethiol monolayer on gold reveals that the

asymmetric CH2 stretching mode, i/a (CH2 ), is at 2917 cm-1 which corresponds with that

of the bulk crystalline phase (2918 cm_1 ).[l] Electromagnetic wave theory calculations of

infrared reflection spectra reveal that the tilt angle of octadecanethiol on gold using a two

chain model is 27° and that the two chains are twisted at 50° and 48° respectively so that

the backbone planes of the two chains make an angle of 82°. This model further reveals that

the fraction of terminal gauche CH3 groups is 0.45±0.10.[7, 8] Low temperature IR reflec-

tion data of octadecanethiol monolayers on Au(lll) surfaces yields a best fit with a single

chain model with the chains tilted at 24° and twisted at 46°. This result is consistent

with the small factor splitting of the d-mode known to occur in orthorhomibic crystals

of n-alkane chains. [9] Grazing incidence X-ray diffraction indicates that octadecanethiol

monolayers are 2.2 nm thick and the chains are tilted at an angle of 30.3°±0.5°. In order

to achieve a c(4x2) superlattice of a \/Sx y/3R30° hexagonal lattice, the chains have under-

gone a 4% reduction in the next nearest neighbor distance. [10, 5, 11] Recent studies of the

structure of hexadecanethiol and octadecanethiol monolayers using infrared spectroscopy

reveal slightly different values for the tilt, twist and fraction of terminal gauche groups.

While the values for the tilt angles were different, -21° and -30°, respectively, both found

best fits for single chain models with twist angles of 50° and 0.23-0.27±0.12 fraction of

terminal gauche groups. [12, 13]

Previous molecular dynamics simulations have predicted that hexadecanethiol monolayers

have a thickness of 2.0 nm and a tilt angle of between 20° and 30°, consistent with exper-

iments. [14] However they have had difficulty predicting the fraction of gauche conforma-

tions consistent with experiment, predicting between 0.011 and 0.112. Further molecular

dynamics simulations of the effects of temperature on the structure of hexadecanethiol

monolayers showed a two site distribution of twist angles peaked near ± 97° which does

not agree with 45°-50° determined from the IR data. They attribute this effect to the

united atom approximation in their model. [15] An all-atoms molecular dynamics simula-

tion of pentadecanethiol monolayers favors a herringbone structure with two chains per

unit cell unlike the four chains per unit cell observed x-ray diffraction and scanning tun-

neling microscopy. [10, 16, 17] Using 90-100 chains, at room temperature, the simulations

found a tilt angle of 30° and a twist angle of 50°, consistent with infrared experiments. [18]

The model for the chains and the surface employed here are discussed in Section 2 along

with the details of the molecular dynamics simulation methods used in this study. The

results of these simulations are discussed in Sections 3 and 4. Section 5 contains some

summary observations.

2. Model details

A series of simulations have been made of a system of 225 linear chain molecules tethered

to a smooth surface. Each chain consists of a “thiol” site that is strongly bound to the

surface, followed by 17 CH2 united atom sites, and terminated by one CH3 united atom

site. Figure 1 shows a single chain in an all trans configuration tilted at an angle of about

30° from the z-axis. The z-axis is normal to the substrate. The thiol site is indicated by
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a large filled circle and is referred to as site number 1. Sites 2 through 18 are CH2 united

atom sites indicated by small shaded circles. Site 19 is the terminal methyl united atom
site and is indicated as the small filled circle. The bonds between adjacent sites where

torsion motions are possible are indicated by bold lines.

Z

Figure 1. A single chain molecule contain-

ing 19 sites in an all trans configuration.

The properties of linear alkanethiol chains forming a (partial) monolayer on a surface are

estimated using a molecular model. The molecules are represented in terms of a united

atom, site-site interaction model for the chains. A “site” is a point where the force is

applied. For the model considered here, a site corresponds to a carbon or sulfur atom
position. This type of model for linear alkanes has been shown to provide satisfactory

descriptions of several properties. [19] However, the parameters for the alkanethiol model

are different from the corresponding parameters for alkanes as the former are purely em-

pirical models. It is necessary to introduce molecule-surface interactions that maintain the

monolayer. The interactions are divided into intramolecular terms, intermolecular terms,

and surface-atom interaction terms.

Potentials

The intramolecular interaction, [14] V\ntra-, consists of four parts,

Vintra = V2 + F3 + V4 + VS .

The parameters in each term depend on the species of the sites entering the interaction,

although this is not explicitly indicated here in order to avoid cluttering the notation.

There are three species in the model; the thiol group, the CH2 group, and the CH3 group.

Each group is treated as a single “atom” with the appropriate mass, hence the term united
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atom model. In this report, the term “atom” is to be interpreted as “united-atom”. This

means that there are several values possible for each of the parameters. The specific values

for the parameters are listed in several tables found in the appendix. The V2 term contains

the harmonic stretching interactions between bonded neighbors,

N-l

v2 =
2 J2 72 (r*J

~ rf°)
2

’

i=

1

where j = i+1 and N is the number of atoms in a chain. The parameters for the stretching

interaction are 72 and do- The V3 term contains the harmonic bending interactions that

involve adjacent triples of sites,

N—2

=T T3 (eijk - So)
2

,

^ i=l

j = i+1, k = i+2
,
and dijk is the angle at site j subtended by sites i and k. The parameters

for the bending interaction are 73 and 90 . The V4 term contains the torsion interactions

that involves adjacent quadruples of sites, [20]

N-

3

V, = E C'Cos'W)
1=1 1=0,5

where 4> is the dihedral angle between the planes defined by the four sites and the Q’s are

the parameters for the torsion interactions. The bonds where torsion rotations are possible

are shown as heavy dark lines in Figure. 1.

The V5 term describes the Lennard-Jones interactions between sites separated by three or

more sites,

N-4 N
Vs = E E

j= 1 k=j+

4

The Lennard-Jones potential has the form

VL j(r )
- 4e

with energy depth and range parameters e and a
,
respectively.

The torsion and Lennard-Jones potentials are shown in Figure 2.

The intermolecular interactions are determined using the same Lennard-Jones potential

that acts between intramolecular sites except that it acts between sites on distinct chain

molecules.

The surface interaction introduced by Hautman and Klein[14] is a 12-3 surface potential

of the form,

V,surface« = C12

(z-zo) 12

C3

(z - Zo) 3
'
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Figure 2. The torsion poten-

tial is shown on the left, in

units of kelvins. The param-

eters are those found in Ta-

ble 3 below. The Lennard-

Jones potential is shown on

the right in units of the pa-

rameter e.

cos
<J)

Figure 3. The surface potentials

are shown here using the param-

eters from Table 4. The poten-

tial for the CH3 sites is repre-

sented by the solid line, the po-

tential for the CH2 sites is repre-

sented by the short dashed line,

and the potential for the thiol

sites, reduced by a factor of 20,

is represented by the long dashed

line at the left side of the figure.

The interaction of each site in the chain depends on the distance of the site above the

surface. The surface is otherwise unstructured. The surface interactions are shown in

Figure 3. The introduction of surface structure is straightforward [21] but discussion of it

is beyond the scope of this report.
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Simulation details

The equations of motion resulting from these interaction potentials were integrated using

an iterated form of the Beeman algorithm[22] with a time step of 1 fs. Periodic boundary
conditions were imposed in the x- and y-directions, but not in the z-direction which is

normal to the plane of the substrate to which the chains were tethered.

The initial conditions for the simulations, where free translation along the surface was

allowed, had the chains arranged on a square lattice. These cases will be called the free

translation cases. Three different packing densities were examined. The first has a high

density of 4.655 chains/nm2
(or 21.5A2/molecule), the second has a lower density of 3.605

chains/nm2 (27.7A 2/molecule), and the third has a density appropriate for RPCL columns

of 2.504 chains/nm2 (40.0A2/molecule). Subsequently these cases will be labeled Cl, C2,

and C3 respectively.

Two additional cases were examined for the density of 2.504 chains/nm2
. In these simu-

lations the chains were not allowed to translate along the surface. The initial conditions

were generated by placing the thiol sites at random positions on the surface subject to the

condition that the minimum distance between thiol sites was greater than 0.442 nm. This

condition was chosen to avoid overlaping chain configurations. The thiol sites were not

permitted to move from these initial positions and the motions of the CH2 and CH3 sites

were restricted as a result. These cases will be called the bound cases. Two distinct initial

conditions were generated. Subsequently these simulations will be labeled C4 and C5.

For each case simulated, a series of stabilization runs were performed before a production

run of 100 ps duration was made. During the stabilization runs, the chains developed a

tilt relative to the substrate normal and some fraction of gauche defects. For the cases Cl,

C2, and C3, the thiol sites moved into an approximately hexagonal arrangement on the

substrate with the amount of hexagonal order of the thiol sites decreasing as the density

decreased. Unless otherwise stated, all simulations were for a temperature of close to

300 K.

A time series record of trans-gauche interconversions for the case Cl is shown in Fig. 4.

The solid curve (middle line) is for the bond between sites 2 and 3, the line at the bottom

of the figure is for the bond between sites 9 and 10, and the line at the top of the figure is

for the bond between sites 17 and 18. These are averages over the 225 chains in the system.

These histories are sufficiently stationary over 100 ps to indicate that we are sampling from

a system of fully equilibrated chains. Also, the high frequency of interconversion events

indicates that this system is dynamically very active. These curves capture the essence of

the full set of histories for all of the cases C1-C3.

Several properties of these monolayers were monitored during the simulations. The first

is the number density profile as a function of the distance above the substrate. The tilt

angle distribution of the chains, P(cos0), was obtained by determining the cosine of the

angle formed between the z-axis and the vector from site 1 to site 19. The fraction, /g, of

gauche defects for each of the bonds where torsion motion is possible was determined. A
gauche defect was said to exist if the torsion angle,

(f),
was greater than 66°, the position
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0.20

Figure 4. Time series for f^r,

the fraction of gauche defects

per bond, for case Cl are shown

for three bonds as described in

the text.

0.00
o 20 40 60 80 100

t. ps

of the maximum in the torsion potential shown in Fig. 2. Finally, the order parameter,

was generated for each site. Here is the angle formed between the z-axis and the vector

between site j-1 and site j+1. The discussion of the membranes in the next two sections

will utilize these quantities.

3. Results, free translation

The density profiles are shown in Fig. 5. The highest surface packing density exhibits

the most ordered z-projected density profile, with pronounced oscillations near the surface

extending to a smooth profile as the terminal methyl is approached. Note that the layer

thickness as given by the termination positions of these profiles is remarkably insensitive

to the packing density. The range of 2. 2-2.4 nm is in accord with the ellipsometrically

determined value of 2.3 nm for the high density system. [1, 2] This thickness determination is

consistent with the average position of the methyl group for case Cl, namely 2.21±0.12 nm.

The average positions of the methyl groups for the lower density cases are significantly

smaller than the termination positions, namely 1.80±0.35 nm, and 1.54±0.61 nm for cases

C2 and C3 respectively. This is a reflection of the higher degree of disorder in the lower

density systems.

The overall tilt angle distributions are shown in Fig. 6. The sulfur-terminal methyl tilt an-

gle distribution exhibits a pronounced broadening as the density changes from the highest

to the lowest density, eventually developing several distinct maxima as the chains collapse

onto the surface and overlap one another. Note that the principal minimum tilt angle is

actually somewhat larger for C2 than for the lowest density C3 whereas the average tilt
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Figure 5. The density profiles for

the three cases with free transla- c

tion are displayed. The dotted

line is for Cl, the dashed line is

for C2, and the solid line is for

C3.

o -
0.0

z, nm

Figure 6. The tilt angle distribu-

tions for the three cases with free

translation are displayed. The dot-

ted line is for Cl, the dashed line is

for C2, and the solid line is for C3.

at density C2 is considerably less than that for C3 so one must take the entire angular

distribution into consideration when considering tilt.

The fraction of gauche defects, /g, for each bond torsion is shown in Fig. 7. The average

fraction of gauche defects is largest at the two lowest packing densities; moreover, these

defects appear to be concentrated at both the sulfur and methyl terminated ends of the

chains. Note also that the chain interior makes a significant contribution to the total
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number of gauche defects. These observations are in contradiction to the accepted practice

employed in the infared spectroscopic analysis which is based on the assumption that all

gauche defects are localized at the terminal methyl ends of the chains. [7, 8] The average

number of gauche defects per chain is significantly larger than that reported by Klein et

al. However a direct comparison between the two simulations cannot be made as the Klein

group used 22-carbon atom chains at a density of 4.90 chains/nm2
,
whereas in our high

density simulation there are 18-carbon atom chains the and a slightly lower surface density

of 4.655 chains/nm2
.

Figure 7. The average values for

the faction of gauche defects is

shown for the three cases. The

diamonds are for Cl, the squares

are for C2, and the circles are for

C3.

The order parameter S2 for each site is shown in Fig. 8. The changes in the amount and

type of order that occur as the packing density is decreased are evident from an examination

of this figure. The S2 order parameter appears to remain nearly uniform throughout

the chains; i. e., it is site-independent for all three packing densities and assumes its

largest value of around 0.75 at the highest density. Loosely speaking, this implies that

“orientational disorder” tends to be distributed uniformly along the chains rather than

concentrated at the terminal methyl ends, an observation which is consistent with the

distribution of gauche defects along the chains. The value of 0.75 for S2 corresponds to

a minimum “site tilt angle” of around 24°, which is practically identical to the sulfur-

terminal methyl tilt angle of 26°. The approximate site-invariance of S2 also implies that

the set of vectors which connects alternating methylene groups is confined to the surface

of a surface-normal cone whose apex is the terminal sulfur. The projection of these vectors

onto the z-axis is practically constant along the alkane chain; ie., statistically speaking,

the chains are uniformly extended and “directed” perpendicular to the surface, and the

overall “chain tilt” is determined by the spreading of this cone, which, because of symmetry

considerations, must possess a circular cross-section.
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1.0

Figure 8. The order parameter,

S2 for the three cases with free

translation are displayed. The

diamonds are for Cl, the squares

are for C2, and the circles are for

C3.
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The density profiles indicate that at the highest density there is a high degree of spatial

order on a site by site basis in the lower parts of the chains. This order becomes less

pronounced in the upper parts of the chains, but is still visible. Also, the interface formed

by the methyl sites of the membrane is fairly sharp, with a thickness of about 0.2 nm. This

is consistent with the tilt angle distribution being concentrated around an angle of 26°.

The density profiles for the C2 and C3 cases indicate that the spatial order is “lost” as the

packing density decreases. In particular, the interface formed by the methyl sites becomes

rather broad. This is reflected in the broad tilt angle distributions and in the changes that

occur in fc and in 52 as the density decreases.

Some further insight into the ordering of the membranes can be obtained by examining

snapshots of configurations rather than selected profiles and other statistically averaged

properties. This approach is discussed in the following paragraphs. In Figs. 9-11, the

methyl sites are the large, light gray features, the CH2 sites are the small, darker features,

and the thiol sites are small, black features which are usually masked out by the sites lying

above them. These snapshots are views from above the membranes directed approximately

downward along the z-axis.

The first system, Cl, has a high density of 4.655 chains/nm2
,
which is the close-packed

density for the alkane thiols. This system maintains a high degree of order as is evident

from the snapshot of one configuration shown in Fig. 9. The thiol sites (not visible) form

into a hexagonal array as do the methyl sites at the free end of the chains. The chains

develop a tilt of about 25° to 30° from the normal to the surface. The faction of gauche

defects per chain is small, unlike the shorter chains at this density that develop a significant

fraction of gauche defects per chain. [23]

The second system, C2, has a lower density of 3.605 chains/nm2
. There is some disorder
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Figure 9. A snapshot of a con-

figuration for Cl.

present as can be seen in Fig. 10. The system appears to form hexagonally ordered domains,

with considerable disorder between the domains. The chains in the ordered regions develop

a tilt of about 35° from the normal to the surface and the chains in the disordered region

have a wide range of tilt angles. The interface formed by the methyl sites is fairly sharp

within the domains, but is broad and less well defined in the disordered regions.

Figure 10. A snapshot of a con-

figuration for C2.
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The density of the third system, C3, is 2.504 chains/nm2
. The resulting structure displays

some interesting features as may be seen in Fig. 11. There is a substantial region where

the chains are ordered. There the methyl groups have a nearly hexagonal arrangement,

much like the close packed system. There is also a region where the local density of chains

is fairly low and the chains are “lying down” rather than upright relative to the tethering

surface. This is consistent with the tilt angle distribution displayed in Fig. 6. There is a

relatively narrow “interface” between these ordered and disordered regions.

Figure 11. A snapshot of a con-

figuration for C3.

4. Results, bound cases

Two additional cases at the lowest packing density were examined. These differed from

the free translation case at the same density by the “random”, fixed arrangement of the

bonding sites. The bonding sites were not allowed to translate, as would be the case for

tethered chain layers in RPLC columns.

Freezing in the initial configuration of the bonding sites has consequences for the type

of membranes that result. In the following few figures, we compare results for the free

translation, C3, and bound cases, C4 and C5. The density profiles differ primarily at the

upper part of the membrane, as indicated in Fig. 12. There the profiles for C3 (dashed

line) and for C4 (solid line) are displayed. The profile for C5 is not shown as it is quite close

to that for C4. The bound case has a more diffuse surface than does the free translation

case.

The tilt angle distributions of the bound cases are less structured than the distribution

for the free translation case. This is indicated in Fig. 13. The solid line is for C4 and

the dashed line is for C3. The distribution for C5 is very close to that for C4 and is

not displayed. A comparison between the tilt angle distributions associated with the low
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Figure 12. Density profiles for the

“bound” C4 case, solid line, and

for the “free” C3 case, dashed line,

are shown as a function of z, the

distance above the substrate.

density free translation case and the low density bound case indicates much more structure

in the former distribution; this is a direct consequence of free translation chain clustering

and overlap.

Figure 13. The tilt angle distri-

bution for C4, solid line, and for

C3, dashed line, are shown.

The amount of disorder in the chains, as measured by the fraction of gauche defects per

site is higher for the bound cases than for the free translation case. This is indicated in
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Fig. 14. The circles are for C4, the diamonds are for C5, and the squares are for C3. There
is no significant difference in the amount of disorder in cases C4 and C5.

Figure 14. The fraction of de-

fects per site is shown. The

bound cases, circles and dia-

monds, have defects fairly uni-

formly distributed. The de-

fects are mainly at the ends of

the chains for the free transla-

tion case, squares.

Figure 15. A snapshot of a con-

figuration for C4.

Snapshots of the configurations of the bound cases are displayed in Figs. 15 and 16. Com-
paring these views with that of case C3 in Fig. 11 is quite instructive. When free translation
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Figure 16. A snapshot of a con-

figuration for C5.

is allowed, the chains tend to be arranged into dense, ordered regions and into coexisting

low density regions. In the low density regions, the chains are nearly horizontal resulting in

the structure in P(cos#) for small values of cos#. In the bound cases, the coverage is more

uniform in the sense of a local density of chains. Also, the type of coverage is different in

the two situations. Free translation leads to regions where lattice planes are present for

intervals on the order of 10 chain spacings. No such regularity is evident in the bound
cases. By comparing the fraction of gauche defects per site for surface bound chains with

the fraction for free translation chains, one can conclude that strong chain-chain interac-

tions (packing effects) promote ordering at each site, whereas strong surface interactions

tend to induce site disorder by increasing the local fraction of gauche defects.

5. Discussion

Free translation cases

Our simulations match the experimental characterization from ellipsometry, electrochem-

istry, X-ray diffraction, scanning tunneling microscopy, and infrared spectroscopy for the

high-density case. For example, we observe thicknesses of between 2.2 and 2.4 nm com-

pared to values of 2.3 nm and 2.2 nm from ellipsometry and X-ray diffraction respectively.

We observe small patches of thinner/disordered regions that are less blocking to electro-

chemistry as shown in Figure 9. Our angles for the tilt of the alkane chains agree with

X-ray diffraction and infrared spectroscopy. In addition, infrared spectroscopy determi-

nations of the concentration of terminal gauche conformers are consistent with the total

fraction of gauche conformers we observe.

However, for 19-site chains it is difficult to measure specific information about the lower
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density cases and so these are much less verified. The experimental characterization of

these cases is compounded by the difficulty in repeatedly forming an experimental system

with the desired packing density. In addition, most of the experimental methods used to

characterize monolayers have difficulty discriminating between differences in the structure

of the monolayer and differences in the number of chains present. In measuring thickness,

ellipsometry, electrochemistry and X-ray diffraction assume the measured signal comes
from a layer with uniform thickness and density. To separate contributions from parts of the

layer with different thicknesses or densities, values for the contributing parts must be known
to determine the amount of each present. These measurement difficulties make molecular

dynamics simulations important tools for understanding the structures and properties of

surface tethered chains.

Our molecular dynamics simulations, especially of the lower density cases, show a variety of

structural features indicative of variations in the properties across the 225 chains sampled.

For example, our simulations of freely translating chains clearly indicate the presence of

highly ordered structures at near close packed densities as well as disordered configurations

at lower surface densities. We find that the ability of the tethered chains to glide across

the flat surface leads to the formation of tightly packed domains separated by relatively

disordered “walls” . This is in marked contrast to the situation in which the surface terminal

groups are randomly localized without the possibility of chain overlap, thereby preventing

domain formation via short ranged repulsive interactions. We therefore conclude that

surface mobility and short-ranged interactions play key roles in domain formation for

surface tethered alkane chains.

The uniformity of the 52 order parameter distribution throughout the interiors of the

chains, independent of surface density, is one of the more significant results of the sim-

ulation, and so it would be of interest to design an experimental test of this prediction.

The marked contrast between the tilt angle distributions for the low density localized and

de-localized simulations implies that the overlap of collapsed chains introduces significant

orientation structured features, and it would be of interest to make a careful comparison

with scanning-tunneling or atomic force microscopy studies of these systems.

Bound cases

When the chains are tethered to specific sites on the surface, the resulting film has rather

different structure when compared with the film where the chains are free to translate

along the surface. Given the way these films were generated, the overall density of chains

is limited to perhaps 1/2 that possible when the chains are free to translate. This is

because of the random placement of the tethering sites and the constraint of no overlap of

the bonding sites of the chains.

The most striking difference is that there are no regions where the chains have the ordering

noted in Fig. 11. Instead, as may be seen in Figs. 15 and 16, the appearance of the film

is one of spatial disorder. Also, there are no extensive regions where the chains appear to

be nearly horizontal with respect to the surface. It should be noted that the bound films

have a more “uniform” appearance in these figures. This is also evident from the density

profile comparison in Fig. 12. The bound chains have less structure in the film between
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1 nm and 2 nm above the surface than do the freely translating chains. This is also seen

in the orientation distributions shown in Fig. 13. The bound chains have less structure

in this distribution and the more vertically oriented chains have a broader distribution of

orientations when compared with the free translation case.

The bound film case presents an upper surface (the methyl groups) that is “rough” on

the scale of a few molecular diameters. This is illustrated in Fig. 17 where a side view

of the film of case C4 is displayed. The type of interface the bound film presents has a

coarser structure than that provided by the free translation case. It may be that this type

of structure is significant for the performance of Reversed Phase Liquid Chromatography,

as the films employed in this separation process consist of relatively low surface densities

of randomly arranged chains. [24, 25]

Figure 17. A snapshot of a con-

figuration for C4 from one side

rather than looking down.
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Appendix, Model parameters

The model potential parameters are listed in this appendix.

Table 1. Stretch parameters. The CH3 and CH2 sites are equivalent for the stretch interaction.

Parameter S-C C-C

72 ,
10

7 K/nm2

do, A
4.529

1.82

4.529

1.54

Table 2. Bend parameters.

Parameter c-c-c S-C-C

70 ,
103K/rad2

do, deg

62.5

109.5

62.5

114.4

Table 3. The coefficients, Ci ,
in the torsional potential. [20] Note that there is no site dependence

for these coefficients

1 Ch K
0 1116

1 1462

2 -1578

3 -368

4 3156

5 -3788

Table 4. The parameters for the surface interactions. [14]

Site C 12 ,
107KA 12 C3 ,

KA3 z0 ,
A

ch3 3.41 20800 0.860

ch 2 2.80 17100 0.860

S 4.089 180600 0.269
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Table 5. Lennard-Jones parameters.

Sites (T, A e, K
S/-S/ 4.25 200 .

CH 3-CH3 3.905 88.1

ch 2-ch2 3.905 59.4

ch3-ch2 3.905 72.3

CH3-S 3.723 105.4

ch 2-s 3.723 86.5
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